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Abstract.
In this work we follow a series of papers on high-resolution observations of small-
scale structures in the solar atmosphere (Balmaceda et al. 2009, 2010; VargasDomínguez
et al. 2011; Palacios et al. 2012; Domingo et al. 2012; Vargas Domínguez et al. 2015,
Cabello et al., in prep), combining several multi-wavelength data series. These were
acquired by both ground-based (SST) and space-borne (Hinode) instruments during the
joint campaign of the Hinode Operation Program 14, in September 2007. Diffraction-
limited SST data were taken in the G-band and G-cont, and were restored by the MFBD
technique. Hinode instruments, on the other hand, provided multispectral data from
SOT-FG in the CN band, and Mg I and Ca II lines, as well as from SOT-SP in the Fe I
line. In this series of works we have thoroughly studied vortex flows and their statistical
occurrences, horizontal velocity fields by means of Local Correlation Tracking (LCT),
divergence and vorticity. Taking advantage of the high-cadence and high spatial resolu-
tion data, we have also studied bright point statistics and magnetic field intensification,
highlighting the importance of the smallest-scale magnetic element observations.
1. Introduction
Photospheric flows, tracked by the granular motion imaged in the G or CN bands, are
the manifestation of the convection that take place below the visible surface of the Sun.
From the horizontal velocity fields obtained by following the constant motion of the
granules, it is possible to derive maps of divergence and detect source or sink regions,
depending on the horizontal flow divergence. Sources correspond mainly to granules,
being the largest the exploding granules. On the other hand, sinks are always located in
the intergranular lanes, and more specifically, in intergranular junctions. In such regions
flows may exhibit a bathtub motion before converging into downflows. Coriolis forces
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are negligible in these small-scale swirls. These bathtub-like motions can be studied by
different means (see the extensive introduction in Vargas Domínguez et al. 2015).
The study of small-scale vortex motions in the solar atmosphere is of great im-
portance in the context of solar dynamo. Investigating their properties such as how are
they distributed on the solar surface, their rate of occurrence and lifetimes can shed
some light on the presence of a turbulent dynamo operating below the surface.
2. Methods
Data were mainly obtained during the Hinode HOP 14, but also HOP 72. Ground-based
images from SST were restored with the Multi-Frame Blind Deconvolution (MFBD,
Löfdahl 2002) and then postprocessed to remove other distortions. Data from Hinode
were processed with the standard reduction scheme and p-mode removal.
In order to estimate the horizontal velocity fields, and consequently divergence
and vorticity, we used the Local Correlation Tracking (LCT, November & Simon 1988).
This technique also provides an estimate of vertical velocities, when direct methods to
detect downflows (for instance, dopplershift measurements) are unavailable.
Bright points (BPs) observed in the G- and CN-bands or even in the Ca II line can
be used as vortex flow tracers. In this case, we used methods to distinguish and classify
BPs from granular fragments, based in segmentation and recognition pattern proce-
dures. We mainly used and compared two methods: an automatic technique called
MLT4, Bovelet & Wiehr (2007); and also a manual algorithm described in Sánchez
Almeida et al. (2004). We have also tracked the motion of small-scale magnetic struc-
tures via the center-of-gravity calculation using line-of-sight Mg I magnetograms.
Using SOT-SP data we inferred magnetic flux densities, dopplershift and tem-
peratures via inversion. We applied the LTE full-atmosphere inversion code LILIA
(Socas-Navarro 2001) and also used weak-field approximation for further comparison.
3. Main results
Here we summarize the main results from the series the aforementioned works.
The multi-wavelength study (G-band, CN, CaII, Mg I magnetograms) of a small
scale magnetic structure presented in Balmaceda et al. (2010) showed two clumps of
magnetic elements rotating around a common center in a vortical motion, rotating al-
most 360◦ for more than an hour and having associated downflows.
After the analysis of that case study, we performed an intensive search of similar
events in the whole field-of-view of SST data (Vargas Domínguez et al. 2011). We
found values of vortex occurrence of about 1.5·10−3 Mm−2·min−1, and density values
of 3·10−2 Mm−2. The mean horizontal speeds is about 0.5 km·s−1, however, this mean
value increases when vortices increase the circulation. The representative vortex radius
is 250 km. The most common downflow speed (inferred from the divergence) is about
0.5 km·s−1.
Also, the properties of magnetic elements observed at different wavelengths, as in
the CN and G bands and Mg I magnetograms were also studied Balmaceda et al. (2009,
Cabello et al., in prep). The inferred typical diameters are 0.′′27 for CN, and 0.′′14
for G-band. We have to take into account the different diffraction limits for Hinode
(CN) and SST (G-band). For the magnetic elements, the diameter were about 0.′′44,
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observed in Hinode magnetograms. The usual characteristic lifetimes are from 5-10
minutes.
Finally, in Vargas Domínguez et al. (2015), a deeper analysis of the case study
focused on the flow dynamics and behaviour of the small magnetic elements, which
present intensity variations, coalescence and disappearance as the main structure is ob-
served to rotate. Significant downflows and episodes of magnetic field intensification
are detected in the region where BPs are located.
This integral set of observations allowed us to determine some important char-
acteristics of both magnetic elements and flows at small scales; as well as to study
their behavior and evolution in short time scales as observed in the solar surface. Fur-
ther similar studies based on both ground-based and space-borne data with extremely
high resolution are fundamental to improve our current understanding of the role of the
smallest scale features on the solar magnetism.
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